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Bats are considered important animal reservoirs formany viruses pathogenic to humans. An approach based on viralmetagenomics
was used to study gut specimens from 78 insectivorous bats in Yunnan Province, China. Seventy-four reads were found to be
related to group A rotavirus (RVA). Further reverse transcription-PCR screening and viral isolation on cell cultures confirmed
the presence of a novel RVA strain, named RVA/Bat-tc/MSLH14/2012/G3P[3], in 1 (6%) of 16 lesser horseshoe bats. Full
genomic sequencing analyses showed that MSLH14 possessed the genotype constellation G3-P[3]-I8-R3-C3-M3-A9-N3-T3-E3-
H6, which is akin to human and animal rotaviruses believed to be of feline/canine origin. Phylogenetic analysis indicated that
VP7 was most closely related to bovine RVA strains from India, whereas VP4 was most closely related to an unusual human RVA
strain, CMH222, with animal characteristics isolated in Thailand. The remaining gene segments were only distantly related to a
range of animal RVA strains, most of which are believed to be related to feline/canine RVAs. Experimental infection showed that
bat RVA strainMSLH14 was highly pathogenic to suckling mice, causing 100%mortality when they were inoculated orally with
a titer as low as 5 102 50% tissue culture infective doses. As this virus is not closely related to any known RVA strain, it is
tempting to speculate that it is a true bat RVA strain rather than a virus transmitted between species. However, further screening
of bat populations, preferably juvenile animals, will be crucial in determining whether or not this virus is widely distributed in
the bat population.
GroupA rotaviruses (RVAs) are themost important pathogenscausing severe, acute diarrhea and gastroenteritis in infants
and young children less than 5 years old, resulting in an estimated
453,000 deaths each year worldwide, especially in industrializing
countries (1, 2). RVAs, of the genus Rotavirus within the family
Reoviridae (3), have a wide range of hosts, including humans and
the young of many animal species, including horses, cats, dogs,
monkeys, rats, cows, pigs, and birds (1). The RVA genome con-
tains 11 segments of double-stranded RNA, with most of them
(except for gene segment 11) encoding a single polypeptide, allow-
ing the virus to express six nonstructural proteins (NSPs) and six
structural proteins (VPs) (1). Mature RVA particles resemble a
wheel with spikes and possess a triple-layer protein capsid (1). The
outer capsid is composed of VP7 and VP4, which define the G and
P genotypes, respectively, which are often used in a dual classifi-
cation system (4). Because of the segmented nature of the RVA
genome, reassortment can occur after the coinfection of a single
cell, resulting in progeny virus with gene segments from both pa-
rental strains and, hence, novel characteristics (1). Consequently,
the use of only one or two gene segments for classification pro-
vides an incomplete description of RVA. Matthijnssens and col-
leagues therefore developed a sequence-based classification and
nomenclature system involving all 11 gene segments, defining ge-
notypes (G, P, I, R, C, M, A, N, T, E, and H genotypes) for each
gene segment (VP7, VP4, VP6, VP1, VP2, VP3, NSP1, NSP2,
NSP3, NSP4, and NSP5/6, respectively) based on calculated nu-
cleotide sequence identity cutoff values (5–7). Sequence compar-
ison with an increasing number of whole genome sequences has
shown that most species possess RVA strains of particular geno-
type constellations. The vast majority of human RVA strains be-
long to the major genotype constellations I1-R1-C1-M1-A1-N1-
T1-E1-H1 and I2-R2-C2-M2-A2-N2-T2-E2-H2, referred to as
Wa-like and DS-1-like, respectively, or to the minor Au-1-like
genotype constellation I3-R3-C3-M3-A3/A12-N3-T3-E3-H3/H6,
which is believed to be of feline/canine RVA origin (4). Charac-
terization of RVA strains from several other animal species have
identified more or less conserved genotype constellations, such as
I2-R2-C2-M2-A3/A13-N2-T6-E2-H3 for cattle (8), I1/I5-R1-M1-
A1/A8-N1-T1/T7-E1-H1 for pigs (9), I2/I6-R2-C2-M3-A10-N2-
T3-E2-H7 for horses (10), and I3-R3-C2-M3-A3/A9-N2-T3-E3-
H3/H6 for cats and dogs (11).
Bats are important virus reservoirs and harbor more than 130
viruses, many of which are highly pathogenic to humans, includ-
ing Ebola virus, Nipah virus, Hendra virus, and Lyssaviruses (12).
With high-throughput next-generation sequencing technology,
viral metagenomics have been successfully used to explore the bat
virome, leading to the discovery ofmany novel viruses in the last 4
years, such as bat circovirus, bat papillomavirus, bat bocavirus, bat
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astrovirus, and bat hepatitis virus (13–18). Esona and colleagues
first reported a partial genomic sequence of an RVA strain from
straw-colored fruit bats in Africa in 2010 (19). Unfortunately, the
virus could not be isolated for further characterization. In this
study, we report the first isolation and characterization of an RVA
strain from a lesser horseshoe bat (Rhinolophus hipposideros) in
Yunnan Province, China.
MATERIALS AND METHODS
Sample collection and preparation. Collection of bats and experimental
infection ofmice in this studywere reviewed and approved by the Admin-
istrative Committee on AnimalWelfare of the Institute of Military Veter-
inary, Academy of Military Medical Sciences, China. All animals were
treated strictly in accordance to the Principles and Guidelines for Labo-
ratory Animal Medicine (2006) of the Ministry of Science and Technol-
ogy, China.
Sixteen adult lesser horseshoe bats (Rhinolophus hipposideros) and 62
adult greater horseshoe bats (Rhinolophus ferrumequinum) were captured
alivewith nets in three neighboring caves inDehongPrefecture of Yunnan
Province, China. All bats were euthanized by intravenous injection of
potassium chloride at the local Center for Diseases Control and Preven-
tion, and the guts, along with their contents, and lungs of each bat were
collected and immediately frozen separately in a liquid nitrogen tank prior
to transportation to the laboratory, where they were stored at80°C.
Metagenomic analysis, RT-PCR, and sequencingof the complete ge-
nome.Viralmetagenomic studies of the guts and lungs were conducted as
previously described (20). Briefly, all guts and lungs were pooled and viral
nucleic acids were extracted manually from purified virions with the
RNeasy Mini kit (Qiagen, Hilden, Germany), reverse transcribed, and
randomly amplified. Purified PCR products were ultrasonicated to frag-
ments of about 180 bp prior to ligation to Solexa adaptor and then Solexa
sequenced on one lane at the Beijing Genome Institute (Shenzhen,
China). Sequence information was obtained by Illumina Sequencing by
Synthesis. After removal of the adaptor sequences, reads of over 100 bp
were defined as significant data and subjected to BLASTn searches (http:
//blast.ncbi.nlm.nih.gov/Blast.cgi) against the nonredundant database in
GenBank. The BLAST hits were considered significant if the E value was
10e-5 (20). Sequences of bacteria and eukaryotes were removed and
virus-like sequences were subjected to further analysis. On the basis of
the RVA reads obtained, seminested PCR primers (see Table S1 in the
supplemental material) targeting an 836-bp fragment of the VP3 gene
were designed with Genefisher (http://bibiserv.techfak.uni-bielefeld.de
/genefisher2/) for rescreening. Viral RNA was extracted automatically
from each gut and lung sample with the RNeasy Mini kit (Qiagen) on a
QIAcube (Qiagen). Reverse transcription (RT) was done with the 1st
cDNA synthesis kit (TaKaRa, Dalian, China) according to the manufac-
turer’s protocol. The cDNA was amplified with the PCR Master Mix
(Tiangen, Beijing, China) with a PCR program consisting of 30 (outer
PCR) or 35 (inner PCR) cycles of denaturation at 94°C for 30 s, annealing
at 54°C for 30 s, and extension at 72°C for 50 s; double-distilled H2O was
used as a negative control. Positive PCR products were commercially se-
quenced with an ABI 3730 sequencer (Invitrogen, Beijing, China).
To obtain the full genome, 16 degenerate PCR primer pairs (see Table
S1 in the supplemental material) targeting the full lengths of all 11 seg-
ments were designedwithGenefisher on the basis of RVA sequences avail-
able in GenBank. Viral cDNA of each segment was synthesized directly
from RNA of the positive gut sample prepared as described above and
amplifiedwith the Fast HiFidelity PCR kit (Tiangen). The amplicons were
ligated into the pMD18-T vector (TaKaRa), used to transfect TOP10
chemically competent Escherichia coli (Tiangen), and then sequenced by
the Sanger method in an ABI 3730 sequencer (Invitrogen). Five clones of
each amplicon were sequenced.
Cell culture and virus isolation. RVA-positive samples were ground
with serum-free minimum essential medium (MEM; Sigma-Aldrich, St.
Louis,MO) and centrifuged at 12,000 g for 10min at 4°C. Supernatants
were passed through 0.22-m syringe filters (Sartorius, Göttingen, Ger-
many), and the filtrates were added to rhesus monkey kidney Marc145
cells after trypsin treatment. The cell cultures were observed daily during
incubation with 5% CO2 at 37°C and harvested once cytopathic effects
(CPE) developed. To develop a serological detection method, hyperim-
mune serum against the virus was prepared by intramuscular inoculation
of adultmice with the isolated virus. The titer of the seventh passage of the
virus was determined by assay of 10-fold dilutions in an indirect immu-
nofluorescence assay (IFA) with fluorescein isothiocyanate-conjugated
goat anti-mouse antibody (Sigma-Aldrich). For morphological observa-
tion, the virus culture at passage 3was centrifuged at 12,000 g for 30min
and the sedimented cell debris containing virus was resuspended in SM
buffer (50 mM Tris, 10 mMMgSO4, 0.1 M NaCl, pH 7.4) and negatively
stained with phosphotungstic acid for observation in a JEM-1200 EXII
transmission electron microscope (JEOL, Tokyo, Japan). The virus cul-
ture in Marc145 cells (passage 2) was further used to infect immortalized
embryonicMyotis petax bat kidney cells (BFK cell line) established by our
laboratory (unpublished data). To characterize the electropherotype of
the virus, RNA was extracted from the isolated virus, subjected to poly-
acrylamide gel electrophoresis (PAGE), and visualized by the silver stain-
ing method (21).
Experimental infection of mice. Specific-pathogen-free pregnant
Kunming mice (n  3) and adult mice (n  4) were obtained from the
Breeding Laboratory of Jilin University and housed separately in isolators
(Tecniplast, Buguggiate, Italy). Four-day-old suckling mice were divided
into three groups of four animals. Two groups were orally inoculatedwith
5 102 and 5 105 50% tissue culture infective doses (TCID50) of virus
culture, respectively, and the third group was mock infected with unin-
fectedMarc145 cells. All suckling mice were inspected and weighed daily.
Small intestine, lung, liver, and brain tissues were immediately collected
from deadmice and subjected to RT-PCR analysis and viral isolation. The
surviving mice were euthanized at 14 days postinoculation (p.i.). Three
adult mice were orally inoculated with 1 104 TCID50 of virus, and one
was mock infected with Marc145 cells. The animals were inspected daily
for diarrhea, and their fresh feceswere collected every 12 hp.i. for RT-PCR
detection of the virus. The data were analyzed with Statistical Analysis
System v9.2 (SAS, Inc., Cary, NC).
Nucleotide sequence analysis and Bayesian evolution estimation.
The nucleotide and amino acid sequences of our bat RVA and other rep-
resentatives (strain designations are shown in trees [see Fig. 1 to 3]) were
aligned with ClustalW version 2.0. Phylogenetic trees were inferred by the
neighbor-joining method of MEGA 5.1 with 1,000 bootstrap replicates
(22). To identify the genotypes of the different segments of this virus, all
segments were genotyped with the online tool RotaC (v2.0; http://rotac
.regatools.be/) (23) or after consultation with the Rotavirus Classification
Working Group (5–7).
To estimate the evolutionary rate (substitutions per site per year) and
the time of the most recent common ancestor (TMRCA) of the G3 geno-
type, the entire open reading frame (ORF) sequences of 79 VP7 genes
together with that of MSLH14 with their isolation times provided by
GenBank were used in a Bayesian phylogenetic reconstruction based on
the Markov chain Monte Carlo analysis available in the BEAST package
v1.6.1 (http://beast.bio.ed.ac.uk/) (24). Sequences were analyzed with the
HKY nucleotide substitution model with gamma-distributed rate varia-
tion, an uncorrelated lognormal relaxed-clockmodel, and a Bayesian Sky-
line coalescent prior (25). The files generated by BEAUTi were run inde-
pendently four times for 100 million generations and sampled every
10,000 states. The posterior densities were calculated with 10% burn-in
and checked for convergence with Tracer v1.5. Themaximum clade cred-
ibility tree was generated by TreeAnnotator v1.6.1 (http://beast.bio.ed.ac
.uk/) and visualized with FigTree v1.3.1 (http://tree.bio.ed.ac.uk/software
/figtree/).
Nucleotide sequence accession numbers. The complete sequences of
the 11 genomic segments (excluding primer sequences) obtained in this
He et al.
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study have been deposited in GenBank under accession numbers
KC960619 to KC960629.
RESULTS
Solexa sequencing and RT-PCR screening. Solexa sequencing
generated 478,416 reads (average length of 142.43 nucleotides
[nt]), and 4.63% (22,150) of them were identified as virus-related
sequences. Of these sequences, 74 were annotated as belonging to
the VP3 gene of RVA and fell into two groups. One group had 53
sequences (length range, 140 to 147 nt) all mapping against nt 14
to 160 of the RVA VP3 gene and showing 95% nucleotide se-
quence identity to equine rotavirus A strain RVA/Horse-wt/ARG/
E3198/2008/G3P[3]. The second group contained 21 sequences
(length range, 141 to 145 nt) all mapping to nt 1373 to 1497 of the
RVA VP3 gene and showing 87% nucleotide sequence identity to
lapine rotavirus strain RVA/Rabbit-tc/CHN/N5/1992/G3P[14].
Subsequently, we screened all bat specimens with an RVA VP3-
specific seminested RT-PCR. The gut sample of only 1 of 16 lesser
horseshoe bats was RVA positive, and none of the greater horse-
shoe bat sampleswas positive forRVA.The viruswas namedRVA/
Bat-tc/CHN/MSLH14/2012G3P[3].
Genotype constellation. The complete genotype constellation
of RVA strainMSLH14was found to beG3-P[3]-I8-R3-C3-M3-A9-
N3-T3-E3-H6.Comparisonof this genotype constellationwith those
of other knownRVA strains revealed that the genotypes of eight gene
segments ofMSLH14were sharedwithRVA strains from cats (RVA/
Cat-tc/AUS/Cat97/1984/G3P[3]), dogs (RVA/Dog-tc/ITA/RV198-
95/1995/G3P[3], RVA/Dog-tc/ITA/RV52-96/1996/G3P[3]), hu-
mans (RVA/Human-tc/JPN/AU-1/1982/G3P3[9], RVA/Human-
wt/CHN/L621/2006/G3P[9], RVA/Human-wt/CHN/E2451/2011/
G3P[9],RVA/Human-tc/THA/T152/1998/G12P[9], RVA/Dog-tc/
USA/CU-1/1982/G3P[3], RVA/Dog-tc/AUS/K9/1981/G3P[3], RVA/
Dog-tc/USA/A79-10/1979/G3P[3]), and simians (RVA/Rhesus-tc/
USA/TUCH/2002/G3P[24],RVA/Simian-tc/USA/RRV/1975/G3P[3])
(Table 1).Most striking was the observation thatMSLH14 shared 10
out of 11 gene segments with the unusual equine RVA strain RVA/
Horse-wt/ARG/E3198/2008/G3P[3] (Table 1).
Phylogenetic analyses. Both VP7 glycoprotein (G genotypes)
andVP4 spike protein (P genotypes) elicit neutralizing antibodies,
and to date, 27G and 37 P genotypes from various hosts have been
identified (6, 26). The nearly full-length VP7 sequence (1,008 nt)
of MSLH14, encoding a 326-amino-acid (aa) ORF, was deter-
mined. This segment was most closely related to a number of
bovine G3 RVA strains, including the bovine RVA strain RVA/
Cow-wt/IND/J63/1996/G3P[X] (94% nucleotide sequence iden-
tity) (Fig. 1A). The partial VP4 gene segment (2,342 nt) of
MSLH14 encoded 776 aa and showed the highest nucleotide se-
quence identity (88%)with the P[3] RVA strain RVA/Human-wt/
THA/CMH222/2001/G3P[3] isolated from a child with gastroen-
teritis from Chiang Mai, Thailand, in 2001 (27). In the
phylogenetic analyses, MSLH14 also clustered with CMH222 and
more distantly with equine, simian, feline, canine, and human
P[3] RVA strains (Table 1; Fig. 1B).
The middle layer of an RVA particle is composed entirely of
VP6, which is classified into 16 I genotypes. The nearly full length
of VP6 of MSLH14 (1,277 nt) encodes 397 aa. As found for VP4,
the VP6 gene segment of MSLH14 was most closely related to
CMH079 (87% nucleotide sequence identity), followed by
CMH222 (86%), the prototype and currently the only two mem-
bers of the I8 genotype (Table 1; Fig. 2D).
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The RVA core particle is composed of VP2 and a few copies of
VP1 and VP3 forming the viral replication complex. These three
genes are classified into nine R genotypes (VP1), nine C genotypes
(VP2), and eight M genotypes (VP3) (6). The nearly complete
VP1 (3,290 nt and 1,088 aa), VP2 (2, 683 nt and 886 aa), and VP3
(2,557 nt and 835 aa) gene segments of RVA strain MSLH14 clus-
tered only distantly (84 to 85%, for VP1, 86 to 88%, for VP2, and
83 to 88%, for VP3) with other feline, canine, human, simian, and
equine RVA strains of the R3, C3, andM3 genotypes, respectively
(Table 1; Fig. 2A to C).
Five of the RVA gene segments encode five or six nonstructural
proteins responsible for immune evasion, viral replication, and
morphogenesis (1). RVANSP1 toNSP5 are classified into 16A, 10
N, 12T, 15 E, and 11Hgenotypes, respectively (2, 6, 28). Although
all of the gene segments encoding the NSPs clearly fall into estab-
lished genotypes, MSLH14 does not cluster very closely with any
of the known RVA strains. The NSP1 segment of MSLH14 (1,545
nt encoding 508 aa) showed the highest nucleotide sequence iden-
tity (88%) to RVA/Rhesus-tc/USA/TUCH/2002/G3P[24] in ge-
notype A9, also containing canine RVA strain A79-10 and human
RVA strain RVA/human-wt/USA/6212/2003/G3P[9] (Table 1;
Fig. 3A). The NSP2 gene segment of MSLH14 (1,011 nt encoding
317 aa) was most closely related (93% nucleotide sequence iden-
tity) to RVA/Horse-wt/ARG/E3198/2008/G3P[3], followed by
91%nucleotide sequence identity to two humanRVAs detected in
Wuhan, China, RVA/Human-tc/CHN/L621/2006/G3P[9] and
RVA/Human-wt/CHN/E2451/2011/G3P[9], of the N3 genotype
(Table 1; Fig. 3B). The NSP3 (1,023 nt, 311 aa), NSP4 (727 nt, 178
aa), and NSP5 (666 nt, 198 aa) gene segments of MSLH14 clus-
tered close to the root of their respective genotypes, T3, E3, and
H6, showing the highest nucleotide sequence identities to RVA/
Human-tc/CHN/L621/2006/G3P[9] (88%, NSP3), RVA/Hu-
man-wt/CHN/E2451/2011/G3P[9] (92%, NSP4), and RVA/Hu-
man-tc/ITA/PA260-97/1997/G3P[3] (94%, NSP5), respectively
(Table 1; Fig. 3C to E).
Bayesian analysis of G3 genes. For Bayesian analysis of the G3
genotypes, VP7 segments of 30 human, 23 equine, 10 bovine, 6
canine, 4 lapine, 3 feline, 1 simian, and 1 caprine RVAs and bat
FIG 1 (A) Bayesian analysis of 818-bp segments of VP7 from G3 RVA strains suggests that MSLH14 (filled triangle) diverged in 1982 from an ancestor most
closely related to bovine RVA strains in India. (B) Phylogenetic analysis of a 2,254-bp VP4 segment of MSLH14 (filled triangle) and other representative RVA
strains suggests that MSLH14 is most closely related to CMH222.
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RVA strain MSLH14 were used to estimate the molecular evolu-
tionary rate and TMRCA. Results indicate that the mutation rate
of G3was 1.47 103mutations/site/year (95%highest posterior
density [HPD] confidence interval, 0.75 to 2.33 103), which is
in the same range as the mutation rates of G9 (1.87 103) and
G12 (1.66 103) estimated previously (25). Phylogenetic recon-
struction suggested that RVA strain MSLH14 and Indian RVA
strains from cattle, humans, and horses shared an ancestor in
common around 1982 (95% HPD confidence interval, 1945 to
1999) (Fig. 1A).
Virus isolation andRNAPAGE.TheRVA-positive gut sample
was inoculated onto Marc145 cells after trypsin treatment and
homogenization, and a CPE was observed upon primary passage
at 48 h p.i. The infected cells formed foci with a rounded shape and
soon detached. The detached cells were connected by cytoplasmic
filaments. The CPE spread to the entire cell monolayer within 72
to 96 h p.i. (Fig. 4B). IFA revealed bright green fluorescence filling
the cytoplasmof infected cells (Fig. 4B), and theTCID50 of passage
7 for Marc145 cells was 1  106/100 l. A similar CPE was also
observed in BFK cells (Fig. 4C and D). By transmission electron
microscopy, the RVA isolate from Marc145 cells at passage 2
showed typical rotavirus-like particles (about 70 nm in diameter)
lacking VP4 spikes. Double-layer particles (DLPs) lacking VP4
and VP7 and single-layer particles (SLPs or cores also lacking
VP6) were additionally observed (Fig. 5B).
To determine the electropherotype of the bat RVA genome,
viral RNAwas extracted and subjected to PAGE, followed by silver
staining. The result was the typical RVA 4-2-3-2 gene migration
pattern (Fig. 5A) (21).
Mouse inoculation test. All suckling mice orally inoculated
with RVA strainMSLH14 developed clinical symptoms, including
chilling, sluggish activity, and diminished suckling at 3 or 4 days
p.i., while all mock-infected mice remained healthy. Feces were
not observed, as they were possibly eaten by the mothers. Four
suckling mice inoculated with 5 105 TCID50 of virus (group Y)
died on days 3, 4, 5, and 7 p.i. with their weights increasing until
day 3 p.i., followed by a decrease in weight until death (Fig. 6A).
Four suckling mice inoculated with 5  102 TCID50 of virus
(groupD) died on days 6, 7, 8, and 9 p.i. with bodyweight dynam-
ics resembling those of group Y (Fig. 6B). In contrast, the mock-
infected group continually gained weight without the presence of
disease (Fig. 6C). The most remarkable gross pathological change
in the infected groups was that the intestinal walls of all suckling
mice in both groups Y and D became thinner and the intestines
swelledwithmuchmore yellow fluid content. Notably, some bub-
bles were observed in the small intestines of groups Y and D.
Except for lesions in the gut, no gross pathological changes were
observed in the other organs, indicating that strain MSLH14 did
not have any major secondary sites of replication. The dates of
death showed a normal distribution (W [group Y]  0.97; P
[group Y]  0.85 [0.05]; W [group D]  0.99, P [group D] 
0.97 [0.05]) and equality of variance (F  1.75; P  0.66
[0.05]) and was analyzed with a t test, showing that the survival
time of group Y (M 4.75 1.71) was significantly shorter than
FIG 2 Phylogenetic analyses of VP1 (A), VP2 (B), VP3 (C), and VP6 (D) of RVA/Bat-tc/MSLH14/2012/G3P[3] (filled triangles) and other representative RVA
strains. Sequences from fruit bat strain RVA/Bat-wt/KEN/KE4852/07/2007/G25P[6] are indicated by open triangles. Only the partial VP1 sequence of strain
KE4852 (open triangles) was determined, thereby preventing the classification of this gene segment (32).
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that of groupD (M 7.50 1.29) (t2.57, P 0.04 [0.05]).
To confirm that the death of mice was caused by RVAs, the lungs,
livers, guts, and brains of each mouse were subjected to RT-PCR
screening. Results showed that all guts were positive for RVAs.
Furthermore, two lung samples from mice in group Y were also
positive, suggesting that MSLH14 is able to cause (limited)
viremia. All positive tissues were ground and added to Marc145
cells, and the same CPE as described above was observed.
The adult mice did not develop any clinical symptoms during
the 2 weeks of observation following infection with MSLH14, but
virus was detected by RT-PCR in their normal-looking feces at 12
to 24 h p.i.
DISCUSSION
G3P[3] and G3P[9] are genotype combinations usually found in
RVA strains from cats (Cat2, Cat97, BA222) and dogs (RV198,
RV52, A79-10, K9, CU-1) (11, 29–32). A number of scattered
reports have identified such feline/canine-like RVA strains
(Ro1845, HCR3A, AU-1, E2451, L621, T152, CMH222, PA260,
PAH136, PAI58, 6212, CMH120) infecting humans (11, 27, 29,
FIG 3 Phylogenetic analyses ofNSP1 (A), NSP2 (B), NSP3 (C), NSP4 (D), andNSP5 (E) ofMSLH14 (filled triangles) and other representative RVA strains. Fruit
bat RVA strain KE4852 is indicated by open triangles.
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32–38).More recently, three distinct genotype constellations have
been differentiated among feline/canine RVA strains on the basis
of analyses of a limited number of full RVA genome sequences
(11). In particular, the Au-1 like genotype constellation (I3-R3-
C3-M3-A3/12-N3-T3-E3-H3/6) has been reported to circulate to
a limited extent in humans in Japan, Israel, Thailand, and Argen-
tina (4). In addition, a number of unusual animal RVA strains
have been isolated that are believed to have a distant ancestor in
common with feline/canine RVA strains in the majority of their
gene segments (11, 27, 29, 32–38). Two uniquely distinct simian
RVA strains, RRV and TUCH, and an atypical equine RVA strain,
E3198, share multiple genotypes with feline/canine-like RVA
strains, suggesting that at least parts of their genomes have an
ancestor in common with feline/canine RVA strains (39, 40).
Here, we report the detection and isolation of the first RVA strain
(RVA/Bat-tc/MSLH14/2012/G3P[3]) from insectivorous bats.
MSLH14 possesses the genotype constellation G3-P[3]-I8-R3-
C3-M3-A9-N3-T3-E3-H6, which is reminiscent of many of the
above-mentioned feline/canine-like RVA strains, suggesting a dis-
tant common ancestry (Table 1). StrainMSLH14 is only the third
known RVA strain with the I8 (VP6) genotype. Only the unusual
human G3P[3] RVA strain CMH222 and G3P[10] RVA strain
CMH079 from Thailand also possess this genotype (27, 41) and,
interestingly, the VP4 (P[3]) gene of MSLH14 was also found to
cluster near CMH222. Although the genetic relationship between
MSLH14 and CMH222 is relatively distant, they may have an an-
cestor in common. Bayesian analysis of MSLH14 suggests that its
VP7 gene segment is related to a number of unusual bovine and
FIG 4 Cells inoculated with RVA-positive samples. (A) Mock-infected Marc145 cells show a normal appearance, and no bright fluorescence was noted by IFA.
(B) CPE generated by RVA/Bat-tc/MSLH14/2012/G3P[3] in Marc145 cells, showing many detached infected cells connected by cytoplasmic filaments and
colored by bright fluorescence in the cytoplasm. (C) Mock-infected BFK cells. (D) CPE generated by MSLH14 in BFK cells.
FIG 5 PAGE analysis (A) and morphological observation (B) of strain RVA/
Bat-tc/MSLH14/2012/G3P[3]. (A) Typical 4-2-3-2 gene segregation pattern of
RVA strains. From left to right, the bonds are VP1, VP2, VP3, VP4,NSP1, VP6,
NSP3, VP7, NSP2, NSP4, andNSP5. (B)Many particles lacking VP4 spikes are
visible, along with some DLPs lacking VP4 and VP7 and SLPs or cores.
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single isolates of human and equine G3 RVA strains isolated in
different regions of India (Fig. 1A). Some of these bovine G3
strains (such as RVA/Cow-wt/IND/RUBV3/2005/G3P[3]) have
been further investigated and found to possess the P[3] genotype
and bovine-like VP6, NSP4, and NSP5 gene segments, which led
the authors to speculate about the potential feline/canine/bovine
reassortant nature of these unusual G3 RVA strains (42). Al-
though our study identified only a single lesser horseshoe bat pos-
itive for RVA (6%), this positivity rate might be an underestima-
tion for several reasons. (i) The sample numberwas small andmay
not represent the real situation in a broader area; (ii) no neonates
were involved in this study, whereas RVAs are known to infect
mainly infants and young animals; and (iii) adult bats, having
robust immune competence, can clear viruses rapidly following
infection (43), thereby decreasing the chance of their identifica-
tion by surveillance. Unfortunately, bat sera were not collected in
the present study, not allowing us to perform further rotavirus
seroprevalence studies. Therefore, the isolation of only a single
RVA strain cannot yet tell us whether or not this G3P[3] bat RVA
strain is a genuine bat RVA strain or an unusual one. Esona et al.
detected nucleic acids of an RVA (RVA/Bat-wt/KEN/KE4852/07/
2007/G25P[6]) in fruit bats in Kenya, which was the first report of
an RVA in bats (19). Although this virus was not isolated and its
virulence for other animals was unclear, the VP7, VP6, VP1, VP2,
NSP2, NSP3, and NSP5 gene segments were (partially) deter-
mined. Our analyses indicate that the sequences obtained are only
distantly related to the sequences of MSLH14 and do not have a
single genotype in commonwith any of the sequences investigated
(Fig. 1 to 3). Taken together, these two bat rotaviruses are not
closely related to any known RVA strain, and therefore it can be
speculated that these two viruses are true bat RVA strains rather
than viruses transmitted between species. To further confirm and
better understand the prevalence of RVAs in bats, further molec-
ular and serological investigations of larger numbers and species
of adult and neonatal bats in different geographical regions must
be performed.
Mice and rabbits have been used to study the pathogenesis and
host immune response of RVAs or their vaccine potency (44–49).
Ijaz et al. used suckling mice to compare the virulence of bovine
RVA (BRV) and murine RVA (MRV) and found that an inocula-
tion dose as low as 100 PFU/mouse of BRV and 10 PFU/mouse of
MRV could induce disease in mice (47). In consideration of ani-
mal welfare, the 50% lethal dose of MSLH14 was not determined
but a preliminary animal test showed that a dose as low as 5 102
TCID50 of virus could induce rapid infection of sucklingmicewith
100%mortality. Inoculation of adultmice with 1 104 TCID50 of
virus did not induce overt diarrhea, with only a short period of
virus shedding in feces between 12 and 24 h p.i. These results
indicate that MSLH14 is much more virulent for suckling mice
than for adult mice.
RVA infection of children is a common disease in China and is
a huge health and financial burden for their families. Duan et al.
estimated that about 48% of diarrhea in children is caused by
RVAs (50). Surveillance of human RVA infection has been con-
ducted by sentinel hospitals in cooperation with the WHO since
1998, and these surveillance studies have shown the circulation of
mainly G1P[8], G3P[4], and G3P[8] in the Chinese human pop-
ulation (38, 50). Furthermore, a number of human RVAs are be-
lieved to have originated from animals such as cattle, cats, pigs,
and dogs through interspecies transmission and animal-human
RVA reassortment (51–53), and therefore, to better control and
prevent human RVA infections, investigation and surveillance of
RVAs in animals, including wildlife, would be useful. However,
RVA surveillance in animals has not been conducted systemati-
FIG 6 Weight changes and survival curves ofmice after oral administration of RVA/Bat-tc/MSLH14/2012/G3P[3]. (A)GroupY inoculatedwith 5 105 TCID50
of virus. (B) Group D inoculated with 5 102 TCID50 of virus. (C) Mock-infected group inoculated with MEM.
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cally in China, making the background of RVA infection in ani-
mals unclear. The present study highlights the potential role of
bats as reservoirs of RVAs and additionally highlights the impor-
tance of a fundamental knowledge of viruses in wildlife in order to
organize better control and prevention.
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